The extreme thermophilic bacterium, Thermus thermophilus, was cultivated in a fully deuterated medium. Two-step adaptation of the strain HB8 Thermus thermophilus to the fully deuterated medium was used. The synthetic medium described by Findling et al. [Findling K.L., Yoshida T., Fee J.A. (1984) . J. Biol. Chem. 259,[123][124][125] was used with ND 4 Cl as the nitrodgen source and deuterated glycerol and succinate as carbon sources. Batch cultivation (maximal optical density of the culture was 1.7 optical units at 590 nm, biomas yield was about 2 g wet cell/L) preceded fed-batch cultivation (optical density was about 9 optical units at 590 nm, biomass yield was above 15 g wet cell/L) followed by continuous cultivation. It allowed to obtain deuterated biological material in large quantities.
Introduction
Thermus thermophilus appears to have considerable promise because its macromolecules are readily crystallized objects. Noticeable progress has been achieved in determining the atomic structure of individual ribosomal elements, such as ribosomal proteins. A considerable amount of research is devoted nowadays to locate these elements inside the ribosome.
Stable crystals of appropriate sizes of Thermus thermophilus ribosomes were obtained. Low and middle resolution diffraction patterns were collected. However, at present the problem of the determination of the three-dimensional structure of the 70S ribosome at an atomic resolution is not solved.
On the other hand with recent achievements in cryoelectron microscopy modern structural ribosomology approached a resolution of 15-20 ?. However construction of a high resolution threedimensional model of the ribosome and an adequate structural description of the mechanism of protein synthesis are impossible without clear distinction between the protein and RNA molecules in the ribosomal structure. Both X-ray crystallography and electron microscopy do not suit well to make such distinction as the contrast between proteins and RNA is rather low. Contrast variation in neutron scattering is the method of choice allowing clear separation between the two main ribosomal components. The contrast variation study of fully protonated ribosome is usually not enough. It has significantly different matching points for RNA and protein, whereas the fully deuterated ribosome is essentially uniform for neutron. First part of our work was devoted to optimization of the conditions for T.thermophilus cultivation on fully deuterated medium.
The possibilities of neutron scattering experiments are enhanced by selective deuteration of main ribosomal components. The standard way for solving this problem has been to study hybrid isotopic particles obtained by reconstitution from protonated and deuterated components (Nierhaus, 1990) . The main disadvantage is that this approach is time-consuming and expensive. Moreover, the procedure of reconstitution is well developed only for E.coli ribosomal particles, but not for the ribosomes from thermophilic and halophilic microorganisms.
Growing microbial cultures on media with different D 2 O content suggests itself as a powerful way for solving the problem of deuterium incorporation. However it does not lead to a significant change in the relative contrast (ratio of of scattering amplitudes densities) of the RNA and proteins components (Moore, 1979) . The only way of contrasting different components is the use of a combination of protonated and deuterated substrates during growth, rather than a monosubstrate (Moore, 1977) .
The aim of second part of our study is to develop an approach to the selective deuteration of RNA component of the ribosome upon cultivation. Initial experiment were performed with MRE600 Escherichia coli (Shcherbakova & Serdyuk, 1998) . The study was extended to thermophilic bacteria cultivation.
Materials and methods

Strain
Strain HB8 Thermus thermophilus were adapted to fully deuterated medium in two-step manner. The adaptation steps are presented in the Table 1 .
The cell culture was stored in the synthetic medium (Findling et al., 1986) containing 40% glycerol at -70 0 C. The inoculum volume was usual no more than 5% of final cultivation volume.
Deuterated materials
Deuteration of inorganic components of the medium was achieved by means 2-or 3-fold evaporation after dissolving in D 2 O. Deuterated glycerol and succinate were synthetized by Dr. Lenskikh (Institute of Protein Research, RAS). According the NMR measurements, the deuteration of the substrates was no less than 96%. 
Fermentation
The fermentor AK-210 (Russia) was used with a 10 -Liter vessel. Sterilization of the fully deuterated medium was achieved by filtration through a culture capsule filter with 0.2 µm pores. The fermentor was autoclaved at 110 0 C for 1 hour and dried by sterile air. The temperature of the fermentor was 75 0 C, the pH of about 7.5 was controlled automatically by titration of the medium. The rate of air flow and the pump rate for feeding medium was changed manually. The growth rate was monitored by absorbance measurements at 590 nm. Batch cultivation involved growing up to the minimal amount of biomass (A 590 = 1.5). It corresponds to the yield of about 2 grams of wet biomass per 1 Liter of growth medium. The biomass density was increased to relatively high values by the feeding into the fermentor of a concentrated solution of nutritional substrates upon the fed-batch cultivation. The composition of starting and feeding solutions is presented in the Table 2 .
The fed-batch cultivation was followed by the continuous cultivation.
Isolation of the ribosomes
The ribosomes of T.thermophilus were isolated according the slightly modified procedure, described by Gogiya et al., 1986 . The stages for removing lipid membranes were necessary. Tight-coupled ribosomes were isolated by means hydrophobic chromatography on Butyl-ToyoPearl 650S. The quality of the samples were estimated by sedimentation control. Re-association of hybrid isotopic ribosomes was performed at the conditions of association (Karpova & Serdyuk, 1985) at 70 0 C during 40 minutes and re-associated 70S ribosomes were isolated by hydrophobic chromatography under the conditions equal to that used for 70S ribosomes isolation.
Neutron scattering experiments
Three sets of neutron scattering data were obtained: on D11 and D22 small-angle camera at the Laue-Langevin Institute (Grenoble, France) and on the small-angle camera of Risoe National Laboratory (Roskilde, Denmark).
The sets of T.thermophilus ribosomes with different isotopic content were used for SANS. Table 3 lists six types of ribosomal particles characterised by different extents of contrast for neutrons as well as conditions for their preparation. 
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The sample are useful for interpreting the SANS experiments in the terms of a four-component model of the ribosome at low resolution, which may be a preliminary model to interpret Xray diffraction data.
Experiments on selective biosynthetic deuteration of different components of the ribosome.
The conditions found for strain MRE 600 E. coli cultivation (Shcherbakova & Serdyuk, 1998) were exended to the cultivation of T. thermophilus.
The percentage of deuteration of protein component of the T. thermophilus ribosomes was determined as a ratio of the integral intensity of 1 H-NMR spectra of a preparation with unknown incorporation of deuterium to the integral intensity of a completely protonated preparation. Ribosomal proteins were isolated from the ribosomes by deproteinization with acetic acid (Hardy et al., 1969) . Protein preparations for NMR analysis were obtained as described in (Moore, 1979) . The extend of deuteration of RNA components was calculated from neutron scattering data (Fan et al., 1997) obtained at the D11 instrument in ILL (Grenoble, France). Fig.1 demonstrates the growth curves of T.thermophilus fermentation on fully protonated and fully deuterated mineral media. Under batch fermentation, the culture quickly reaches the stationary phase. Optical density of the culture measured at 590 nm was about 1.7. Rather low amount of the biomass was harvested (about 2 grams of wet biomass per 1 Liter of the growth medium). The fed-batch cultivation was used to increase the yield of the biomass. The growth rate for protonated culture was about 0.6 hours -1 , for deuterated one -about 0.1 h -1 .We tried to maintain the growth rate at a high level to obtain highly active ribosomes in large amounts. In the case of a fully deuterated medium, the increase of the biomass density by more than 8 units A 590 was followed by a decrease of the growth rate and growth inhibition. The fed-batch cultivation was followed by the cultivation in the continuous regime.
Results and discussions
Cultivation of T.thermophilus on the synthetic media
Isolation of the fully deuterated T.thermophilus ribosomes
The isolation technique for T.thermophilus ribosomes was well developed (Gogiya et al., 1986) . The hydrophobic chromatography of the ribosomes on Butyl-ToyoPearl is the excellent method for obtaining tight-coupled non-aggregating ribosomes. The Guinier plot of neutron scattering data obtained at Risoe National Laboratory of fully deuterated 70S in H 2 O is presented in the Figure 2A Thus, proposed procedure of the T.thermophilus cultivation brings into obtaining relatively large quantity of deuterated ribosome, homogeneous and nonaggregating. The matching point plot and the plot in Stuhrmann coordinates for the protonated, fully deuterated and hybrid isotopic 70S as well as for the free protonated 50S subunits are presented on the Figure 3. 
Selective deuteration of RNA component of T.thermophilus ribosomes
We hoped we could extend the approach to other microorganisms cultivation, namely to T.thermophilus cultivation. It is widely believed that the metabolic pathways of those microorganism are similar. However after T.thermophilus cultivation on the media presented in the Table 3 there was no pronounced selectivity in deuteration of ribosomal components (Table 4 ). For third types of the ribosomes deuterium from deuterated carbon sources were incorporated into every component of the ribosome, but into RNA components to a greater extend. For forth type of the ribosome where the deuterated nucleotides were used the protein component was deuterated to a greater extend than the RNA one. So, metabolic pathways are likely to differ for the two species. The simplest evidence for the difference is that cultivation medium become more acidic upon E.coli fermentation, and it become more alkaline upon T. thermophilus fermentation when identical carbon and nitrogen sources are used. 
Conclusions
Fermentation procedure for large-scale preparation of fully deuterated biomass of T.thermophilus is proposed. T.thermophilus cells were harvested in large quantities. The extracted ribosomes showed a complement of proteins, intact rRNAs and were fully active in cell-free translation system. The deuterated and protonated separated subunits could be efficiently re-associated to hybrid isotopic ribosomes, with parabolic form of the dependence of the radii of gyration on the reciprocal contrast in Stuhrmann coordinates. The appearance of the dependence is evidence of the lack of coincidence of centers of mass for RNA and protein components in the hybrid ribosomes.
In the case of full deuteration a matching point of about 120% (tentative D 2 O scale) was achieved. It corresponds to the deuteration level of about 96%. The reported method facilitates the preparation of deuterated biological material for application in NMR and neutron scattering analysis.
The approach for selective deuteration of RNA component of E.coli ribosome without reconstitution stage was exended to T.thermophilus cultivation. For this purpose the combination of deuterated and protonated substrates in growth medium was used. However the approach did not produce the results obtained for E.coli and is to be modified for T.thermophilus cultivation because of essential differences in metabolic pathways of the two microorganisms.
